Inhibition of caspases promotes long-term survival and reinnervation by axotomized spinal motoneurons of denervated muscle in newborn rats.
We examined whether (1) a pan-caspase inhibitor, Boc-D-FMK, exerts long-term neuroprotective effects on spinal motoneurons (MNs) after root avulsion in neonatal rats and (2) whether the rescued spinal MNs regenerate their axons into a peripheral nerve (PN) graft and reinnervate a previously denervated target muscle. Eight weeks after root avulsion, 67% of spinal MNs remained in the Boc-D-FMK-treated group, whereas all MNs died in the sham control group. By 12 weeks postinjury, however, all Boc-D-FMK treated MNs died. In the regeneration experiment, a PN graft was implanted at different times after injury. The animals were allowed to survive for 4 weeks following the operation. Without caspase inhibition, MNs did not regenerate at any time point. In animals treated with Ac-DEVD-CHO, a caspase-3-specific inhibitor, and Boc-D-FMK, 44 and 62% of MNs, respectively, were found to regenerate their axons into a PN graft implanted immediately after root avulsion. When the PN graft was implanted 2 weeks after injury, however, MNs failed to regenerate following Ac-DEVD-CHO treatment, whereas 53% of MNs regenerated their axons into the graft after treatment with Boc-D-FMK. No regeneration was observed when a PN graft was implanted later than 2 weeks after injury. In the reinnervation study, injured MNs and the target biceps muscle were reconnected by a PN bridge implanted 2 weeks after root avulsion with administration of Boc-D-FMK. Eight weeks following the operation, 39% of MNs reinnervated the biceps muscle. Morphologically normal synapses and motor endplates were reformed in the muscle fibers. Collectively, these data provide evidence that injured neonatal motoneurons can survive and reinnervate peripheral muscle targets following inhibition of caspases.